Role of Electrostatic Interactions in Binding of Peptides and Intrinsically Disordered Proteins to Their Folded Targets: 2. The Model of Encounter Complex Involving the Double Mutant of the c-Crk N-SH3 Domain and Peptide Sos.
In the first part of this work (paper 1, Xue, Y. et al. Biochemistry 2014 , 53 , 6473 ), we have studied the complex between the 10-residue peptide Sos and N-terminal SH3 domain from adaptor protein c-Crk. In the second part (this paper), we designed the double mutant of the c-Crk N-SH3 domain, W169F/Y186L, with the intention to eliminate the interactions responsible for tight peptide-protein binding, while retaining the interactions that create the initial electrostatic encounter complex. The resulting system was characterized experimentally by measuring the backbone and side-chain (15)N relaxation rates, as well as binding shifts and (1)H(N) temperature coefficients. In addition, it was also modeled via a series of ∼5 μs molecular dynamics (MD) simulations recorded in a large water box under an Amber ff99SB*-ILDN force field. Similar to paper 1, we have found that the strength of arginine-aspartate and arginine-glutamate salt bridges is overestimated in the original force field. To address this problem we have applied the empirical force-field correction described in paper 1. Specifically, the Lennard-Jones equilibrium distance for the nitrogen-oxygen pair across Arg-to-Asp/Glu salt bridges has been increased by 3%. This modification led to MD models in good agreement with the experimental data. The emerging picture is that of a fuzzy complex, where the peptide "dances" over the surface of the protein, making transient contacts via salt-bridge interactions. Every once in a while the peptide assumes a certain more stable binding pose, assisted by a number of adventitious polar and nonpolar contacts. On the other hand, occasionally Sos flies off the protein surface; it is then guided by electrostatic steering to quickly reconnect with the protein. The dynamic interaction between Sos and the double mutant of c-Crk N-SH3 gives rise to only small binding shifts. The peptide retains a high degree of conformational mobility, although it is appreciably slowed down due to its (loose) association with the protein. Note that spin relaxation data are indispensable in determining the dynamic status of the peptide. Such data can be properly modeled only on a basis of bona fide MD simulations, as shown in our study. We anticipate that in future the field will move away from the ensemble view of protein disorder and toward more sophisticated MD models. This will require further optimization of force fields, aimed specifically at disordered systems. Efforts in this direction have been recently initiated by several research groups; the empirical salt-bridge correction proposed in our work falls in the same category. MD models obtained with the help of suitably refined force fields and guided by experimental NMR data will provide a powerful insight into an intricate world of disordered biomolecules.